The purpose of this study was to describe the distribution of advanced periodontal destruction (pocket depth 
Introduction
A number of recent studies have shown that from 1.. percent to about a third of adults older than 20 year may have advanced periodontal disease (1) (2) (3) (4) (5) (6) . In thc 1980 Iowa Survey of Oral Health (l), where pocke depth measurements were obtained from the six inde teeth used by Ramfjord (7), 20.5 percent of the 84 examinees aged five to 65 years had one or more pock ets 4.0-5.0 mm deep, and only 1.3 percent had at leas one deep pocket. This finding concurs with a recen study (2) of a selected group of 71 adults (of unreportec race) aged 15 to 100 years, residing in a high-fluorid' (2.0-3.0 ppm F) village in South Africa. Out of 1, 658 pocket measurements obtained from the mesial, facial distal, and lingual surfaces of the six index teeth o Ramfjord, only eight percent were in the range of 4.0 5.0 mm, and just 0.5 percent were deep pockets. Othe studies conducted with random samples of adults fron the Netherlands (3), Sweden (6), and Finland (5) als have shown that the prevalence of deep pocketing i only about 10, eight, and 25.6 percent, respectively Moreover, the few studies available on deep pocketin may indicate that if deep pocketing is present it usual1 affects only a few teeth (8) .
This brief review of the literature suggests that th majority of adults may not have deep pocketing, an, that when deep pocketing is present in the mouth may only affect a few teeth. In this study, pocket-deptl data collected from 372 adults aged 27 to 74 years resid ing in Lordsburg and Deming, New Mexico, will b used to test this hypothesis.
Study Sites
Pocket depth measurements were obtained during the course of a study of the effects of severe dental fluorosis on oral health of adults. The main objective of the research project was to compare the oral health status of continuous residents in a community with a water supply containing at least four times the optimal concentration of fluoride and those living in a community with an optimally fluoridated water supply. Two communities in New Mexico, Lordsburg and Deming, were selected because they met these criteria and had sufficient numbers of eligible residents. The fluoride concentration in Lordsburg's water supply has been around 3.5 ppm from the time the earliest measurements were made in the 1930s, while the fluoride concentration in Deming has always been around 0.7 ppm, the optimal concentration of fluoride in the drinking water for that area. Further details on the fluoride history of both communities and the study design have been described by Eklund and others (9) .
Recruitment of subjects. Recruitment of eligible residents was carried out by local coordinators who had a considerable knowledge of the communities and experience in community organization. The selection process required that the individuals be between the ages of 30 and 65, were born in their respective communities, had been continuous residents for at least the first six years of their life in the city, and had consumed city water during that time. Individuals who claimed that they met these criteria were asked to participate in the study. Later analysis of the fluorosis status of the residents confirmed that they could indeed be classified as continuous residents of the cities (9) . All those who participated in the study gave their informed consent to do so. The recruiters estimated that more than 80 percent of the eligible residents contacted consented to participate in the study.
Examinations were conducted with 194 individuals in Lordsburg and 191 in Deming. The age range was from 27 to 74 years. Eight of those who agreed to participate were edentulous. Four of the dentate participants did not give their birth dates and were excluded from the analysis. One individual requested not to be examined for presence of pockets and therefore was excluded from this analysis. Results are therefore presented for 186 adults in Lordsburg and 186 adults in Deming. Of the 372 included in this analysis, 80.6 percent considered themselves Hispanic Americans, and the others were "white, not of Hispanic o r i p . "
Examination criteria and procedures. During the research project, the following oral conditions were measured: fluorosis, coronal and root canes, attrition, abrasion, gingival recession and bleeding, pocket depth and loss of periodontal attachment, presence of plaque and calculus, and range of mandibular movements (maximum opening, protrusion, lateral movements, overjet, and overbite). The examinees also completed a questionnaire investigating the presence of symptoms of temporomandibular (Th4) disorders, demographic characteristics, and use of dental services. Three bitewing radiographs were exposed for each examinee. Data abstracted from the radiographs were not included in this analysis.
Four dental examiners participated in the project, with each examiner measuring different oral conditions. Two examiners (SAE and BAB) consulted with staff at the Department of Periodontics, School of Dentistry, University of Michigan, as part of training for the measurement of pocket depth and loss of periodontal attachment. A training session also was held one month prior to the start of data collection in Lordsburg, New Mexico, during which an epidemiologist from the National Institute of Dental Research trained the examiners in diagnosing fluorosis using Dean's criteria (10) . Also, during this session, all four examiners measured the prevalence of the previously mentioned oral conditions in 10 volunteers from Lordsburg using the criteria described in the research plan (9) . During the two-week period of actual data collection, the investigators reexamined 29 individuals to assess within-examiner consistency. For measurement of pocket depth, the percent of agreement between the first and replicate Even after correction for the possible underestimation, about three-fourths of the adults in the two communities remain without advanced periodontal destruction.
examinations, within a range of one mm, was 90. The percent of agreement of pocket depth classified according to pocket severity as used in this analysis was over 90 percent. For plaque, gingival bleeding, and calculus, the percent agreements were about 78, 78, and 85, respectively.
The sequence of examination for the oral conditions described in this paper was (a) presence of plaque; (b) gingival bleeding (both were measured by the first examiner, JC); (c) presence of calculus; and (d) pocket depth (conditipns "c" and "d" were measured by the fourth examiner, SAE). All measurements of the four conditions were conducted only for the six index teeth of Ramfjord (7). For measuring pocket depth and status of gingival bleeding, the facial and mesiofacial tooth sites of each index tooth were measured, while one tooth score was given when the presence of calculus and plaque was evaluated. The Gingival Bleeding Index of Ainamo and Bay (1 1) was used to measure gingivitis. Calculus deposits were classified into either supragingival calculus only, or subgingival calculus. Pocket depth refers to the distance between the free gingival margin and the base of the gingival crevice or pocket (12). In this study, pockets were divided according to depth into (a) 0.0-3.0 millimeter (mm) pockets, or "no pockets"; (b) shallow pockets, when the depth was from 4.0-5.0 millimeters (mm); and (c) deep pockets, when the depth was equal to or deeper than 6.0 mm. A similar division has recently been used by Beck and colleagues (l), Reddy and others (2), and Plasschaert and others (3). Data on loss of periodontal attachment measured from the cementoenamel junction to the base of the pocket (7) will not be presented in this study.
The measurement of the four oral conditions was carried out as follows:
Dental plaque For measuring the presence or absence of plaque, the examiner first observed the index tooth. If plaque was obvious, the tooth was given a positive score (one). Also, if plaque was visible when the cervical margin was contacted by an explorer, a positive score was given. If these procedures did not reveal the presence of plaque, a zero score was awarded to the tooth. Gingival bleeding Assessment of the presence of gingival bleeding was carried out by running a Hu-Friedy no. 11 periodontal probe in the gingival crevice of the index teeth. The examiner first checked the upper index teeth and returned to check whether there was bleeding at the midpoint of the facial surface and the mesiofacial line angle of the gingival margin. The procedure was then repeated on the lower arch. If bleeding was noticed, the examiner awarded the tooth site a positive score, while if no bleeding was noticed, a score of zero was ascribed. Calculus In assessing the presence of calculus, the examiner first probed using a no. 17 explorer for subgingival calculus on each index tooth. Subgingival calculus was defined as dense hard accumulations below the free gingival margin. If any subgingival calculus was detected, a score of two was called and the examination moved to the next index tooth. If subgingival calculus was not detected, then the examiner proceeded with the visual and tactile inspection for supragingival calculus. Supragingival calculus was defined as hard accumulations coronal to the gingival margin, white or whiteyellow in color and of hard, clay-like consistency. Pocket depth A Hu-Friedy no. 11 periodontal probe was used to measure to the nearest mm the distance from the free gingival margin to the base of the pocket or gingival crevice. The examiner first identified the index tooth (starting with the maxillary right first molar); then the probe, held in a pencil grip, was placed against the enamel surface coronally to the margin of the gingiva so that the angle formed by the working end of the probe and the long axis of the crown of the tooth was approximately 45 degrees. A minimal force was used to pass the probe in an apical direction maintaining contact with the tooth. The angle between the probe and the tooth was decreased slightly when the probe touched the gingiva to avoid pressure on the gingiva. When the probe was inserted in the gingival crevice the angle of insertion was changed to maintain contact with the root surface. The probe was always pointed toward the apex of the tooth or the central axis of a multirooted tooth. When the examiner, while still maintaining the light grasp, felt resistance to the apical movement of the probe he recorded the distance the probe had been inserted using the free gingival margin as a landmark.
The correlation coefficients between pocket depth at each tooth site and loss of periodontal attachment at the site were between 0.65 and 0.82. All of the shallow or deep pockets identified in this analysis were associated with actual loss of periodontal attachment. Findings of the analysis of the association between pocket depth and loss of periodontal attachment can be obtained from the authors.
Statistical analysis. Two sets of summary data were computed for the purpose of this analysis. The first represented the number of teeth (six in all) or tooth sites (12 in all) with supragingival calculus only, subgingival calculus, plaque, gingival bleeding, and with shallow or deep pockets. The second set of summary data was computed using a simple procedure: each individual was classified according to whether or not he or she had the condition under study.
Comparisons between ages, gender, race, and education groups, and residence in the two cities were first carried out using the mean number of teeth or tooth sites with the different oral conditions. Testing whether the differences observed were due to chance or not was carried out using Student's t-test or analysis of variance with Scheffe's confidence intervals. Comparisons were also carried out on the prevalence data. Testing for statistical significance was assessed using the chisquare test or Fisher's exact probability test (13).
To test the combined effects of several risk factors associated with the probability of concurrently having at least one tooth site with a deep pocket, the logistic regression model was used (14) . The regression coefficients from this model estimate the increase in the odds ratio (14) , which estimates the increase in the probability of concurrently having deep pockets given the presence of one or more of the risk factors. Statistical significance of the logistic regression coefficients was assessed by comparing the ratio of the coefficient to its standard error with a standard normal distribution (14) .
Results
Mean number of pockets by pocket depth. No differences were found between the residents of the two cities in the mean number of tooth sites with pockets of different depths and in the distribution of adults according to pocket depth (Table 1) . Therefore, pocket depth data of the residents of both cities were combined during analysis. The mean number of tooth sites (out of 12 tooth sites) by age and pocket depth are presented in Table 2 . About 90 percent of the tooth sites had pockets between zero and three mm in depth. The mean number of tooth sites with no pockets significantly decreased with increasing age, while the mean number of tooth sites with shallow or deep pockets increased with increasing age. The increase was significant only for deep pockets.
The mean numbers of tooth sites by pocket depth and education are presented in Table 3 . Those with a formal education less than grade nine had a higher mean number of tooth sites with deep pockets than those who had completed high school or attended college, but the difference was not statistically significant. The number of sites with no pocketing increased significantly with advanced education, while the mean number of tooth sites with shallow pockets decreased significantly with increased education status.
Those who considered themselves Hispanic in both cities did not have a significantly different mean number of tooth sites with deep pockets than other residents. Females did have a significantly lower number of tooth sites with deep pockets. The distribution of the number of tooth sites in those individuals with at least one deep pocket is presented in Figure 1 . Of the 46 individuals with such pockets, 28 had only one tooth site equal to or deeper than 6.0 mm. About 89 percent of those with deep pockets had fewer than four such pockets. Only one individual had 11 of the 12 tooth sites examined with deep pockets.
The mean numbers of 0.0-3.0 and 4.0-5.0 mm pockets are presented in Figure 2 . In those with less than four tooth sites with deep pockets, over half of the tooth sites were not affected by pocketing.
Deep pockets, calculus, and plaque. The mean numbers of teeth without calculus, the number with supragingival calculus alone, those with subgingival calculus, and those with plaque are presented in Table 5 . About 98 percent of the examinees had subgingival calculus on more than one of the six index teeth, and 20.1 percent had at least one tooth with only supragingival calculus. Dental plaque accumulations were found in 67.6 percent of the examinees. Those with deep pockets had a significantly higher mean number of teeth (out of six index teeth) with plaque accumulations. They also had a significantly lower mean number of teeth without calculus.
Deep pockets and gingival bleeding. A significantly higher percentage of those with deep pockets had tooth sites with gingival bleeding than those without such pockets (p = 0.04, Fisher's exact probability test) ( Table   6 ). Of the 46 individuals with deep pockets, 38 individuals (82.6 percent) had at least one tooth site with gingival bleeding, while 69.9 percent of those without deep Findings from the logistic regression model. The results of logistic regression model, which associates the probability of concurrently having deep pockets with different risk factors, are presented in Table 7 . The significant correlates with presence of deep pockets were age and the number of teeth with plaque. Presence of supragingval and subgingwal calculus and gingival bleeding all failed to remain significantly associated with the probability of having deep pockets when age and the number of teeth with plaque were accounted for. Age and the number of teeth with plaque only explained 10.5 percent of the variability in the prevalence of deep pocketing.
Discussion
The target population in this study was all residents of Lordsburg and Deming, New Mexico, who were born and lived for at least the first six years of their lives in their respective communities. It was estimated from US Census data, and estimates of the local organizers, that more than 200 residents over 30 years of age may have been eligible to participate. Selection of these individuals was achieved using local recruiters who contacted all known eligible residents in both communi- ties. As might be expected, the results of this study should be interpreted with the caveat that data were collected from individuals who may not represent any other population group outside their own communities. Hence, an inflation of the figures presented in this paper will result in a prevalence of deep pocketing of 25 percent instead of 12.4 percent, and a mean number of tooth sites with deep pocketing equal to 0.50 instead of 0.25. Even after this correction for the possible underestimation, about three-fourths of the adults in the two communities still remain without any advanced periodontal destruction.
The results of the study reported here show that only 8.3 percent and 20.8 percent of the adults aged 27-46, and 47-74, respectively, had at least one deep pocket, and 89.1 percent of those with deep pockets had fewer than four tooth sites affected. These percentages are higher than those reported by Beck and colleagues (1) for similar age groups, Reddy and others (2) number of years of schooling was positively associated with the severity of periodontal disease. The data presented in this study may suggest that the relatively higher prevalence of deep pocketing, when compared to the data from Beck and colleagues (l), may be because of the higher prevalence of plaque, calculus, and gingival bleeding in the examinees. In the Iowa survey (l), about 63-76 percent of those examined had at least one index tooth with calculus, and about 38-47 percent had teeth with gingival bleeding after probing (prevalence of plaque was not reported) (1) . In the study reported here, 67 and 98 percent of those examined had at least one tooth with plaque and calculus, respectively. Despite this high percentage of persons with plaque and calculus, about 80 percent of those aged 47 to 74 years had no demonstrable deep pockets. In 60 percent of those with deep pockets, only one tooth site was affected and about 50 percent of the tooth sites in those individuals had no pockets. The data depicted in Figure 2 may support the thesis suggested by Socransky and others (19) that deep pocketing occurs at specific tooth sites within the mouth while other tooth sites within the same mouth are either free from periodontal disease or mildly affected.
An important correlate with the presence of deep pocketing in this study was the presence of plaque, while the presence of supragingival or subgingival calculus was not associated with deep pocketing. Presence of plaque alone only explained 8.3 percent of the variability in the prevalence of deep pocketing; plaque and age together explained only 10.5 percent of the variability. This analysis shows that while the presence of plaque was an important risk factor for deep pocketing, about 90 percent of the variability in the prevalence of deep pocketing remained unexplained.
The planning of public health programs to prevent and control periodontal disease will require answering a number of yet unanswered questions about the distribution and risk factors associated with periodontal disease. What is needed first is the precise definition and measurement of each condition (gingivitis; shallow, medium, and deep pockets). The use of measurement criteria that lump gingivitis and periodontitis together may provide useful data for planning and estimation of treatment needs. The most important issue that public health programmers need to answer is just when a periodontal condition (gingivitis or periodontitis) is to be considered a health problem that will require commitment of personnel and funds. This limited study has shown that deep periodontal destruction will be found in one-fourth of the population and on average will affect one to two teeth per individual. If these affected teeth are more prone to be lost as a result of loss of periodontal support, then it will be necessary to include screening for presence of deep pocketing in a public health program. Identification and referral for treatment could be one of the objectives of a public health program to control and prevent periodontal disease.
Conclusions
The results of this analysis show that only 12.4 percent of those over age 27 years had deep pocketing on one or more of the six index teeth; when present, the deep pockets usually involved only one or two of the index teeth, rather than presenting a generalized condition. Only five persons had deep pockets on four or more of the 12 sites measured. These findings were in a population that had received little dental care, and where oral hygiene status and gingival conditions were extremely poor.
About seven percent of all tooth sites examined had shallow pockets (4.0-5.0 mm in depth); these pockets occurred in 37.6 percent of persons examined. About 2.1 percent of all tooth sites examined had deep pockets and were clustered in 12.4 percent of the adults. Presence of plaque was the most important risk factor associated with deep pocketing; however, about 90 percent of the variability in the prevalence of deep pocketing was not explained by presence of plaque, calculus, age, education status, gender, ethnic group, or residence in either an optimally fluoridated or a high fluoride (3.8 ppm) community. tal attachment. The local coordinators, Ms. Maura Rico in Lordsburg, and Mrs. Lucretia Jones in Deming, New Mexico, along with numerous others in each community, performed magnificently in the critical task of identifying and recruiting the subjects for the study. Without their considerable effort and organizational skills, the study would have been impossible. They also thank Mr. Juan Garcia and Mr. John Trumbull of the New Mexico Health and Environment Department for their help during the project.
